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A POWER CAB LE TMSXX LATION LAYER , A PROCESS FOR THE 
PREPARA TION THEREOF^ AND A COMPOS TTTnw T RT?PT?pnT? 

Field of the invention 

The present invention relates to a composition for 
an insulating layer of an electric power cable, to an 
electric power cable comprising an insulating layer of 
said composition, and to a process for the preparation of 
an insulating layer comprising the crosslinked composi- 
tion. 

Technical background 

Electric power cables for medium voltages (MV; 
6-68 kV) and high voltages (HV; >68 kV) are composed of a 
plurality of polymer layers extruded around an electric 
conductor. The electric conductor is usually coated first 
with an inner semiconductor layer followed by an insulat- 
ing layer, then an outer semiconductor layer followed by 
water barrier layers, if any, and on the outside a sheath 
layer. The layers of the cable are based on different 
types of ethylene polymers which usually are crosslinked. 

^hryieRe~po3ryme^s--are-- used— £e-r— t-he 



insulating layer. LDPE (low-density polyethylene, i.e. 
polyethylene prepared by radical polymerisation at ajaogh 
pressure) is today the predominant cable insulatirng mate- 
rial . 

In addition to the polyethylene basB resin insulat- 
ing compositions usually contain additives to improve the 
physical properties of the insinuating layer of the elect- 
ric cable and to increase i£s resistance to the influence 
of different condition^^rhe total amount of the addi- 
tives is general ly^about 0.3-5% by weight, preferably 
about 1-4% by weight . The additives include stabilising 
additives^tfch as antioxidants to counteract decompo- 
sition^due to oxidation, radiation, etc.; lubricating 



aperitives, such as stearic acid; additives for water-tree 
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resistance, such as polyethylene glycol, s ilic5>n^&&-^€cT ; 
and crosslinking additives_syjchr--a^""15e^ to aid in 

the cross3Jjakirng^of^the ethylene polymer of the insulat- 

S^-composit ion 

A common way to crosslink the insulating layer of a 
power cable is by peroxide crosslinking, i.e. to add a 
peroxide crosslinking agent to the insulating composi- 
tion, shape the composition into a cable insulating 
layer, e.g. by extrusion and crosslink the insulating 
layer by heating to decompose the peroxide crosslinking 
agent. Normally about 1 to 3% by weight, preferably about 
2% by weight of peroxide crosslinking agent is added to 
the composition. 

- Fhe— er = ossl"i-nk-in g-~jrs--pe^fo£ : m cd after th e cxtn t 

sion of the insulating layer in a long, e.g. about 100- 
200 m, multi-zone vulcanisation tube where crosslirxKfing 
should take place as rapidly and completely as^possible. 
The vulcanising tube, which preferably is^pf a continous 
vulcanising (CV) type, has at least one^lieating zone and 
at least one cooling zone and the vulcanising is initiat- 
ed by the heat emitted in one pr^'more of the heating 



zones of the vulcanising tijbe. Generally, the temperature 
in the heating zone(s) the vulcanising tube is up to 



about 400°C. A nitrogen-gas pressure is also applied in 
the tube, and cpntributes to prevent oxidation processes 
by keeping away oxygen of the air and to reduce the 
formatioi^of microcavities, so-called voids, in the 
polym^^ layers by reducing the expansion of the gases 
resulting from the decomposition of the radical -forming 

^^J ro ere linking agent . 

The peroxide crosslinking agents used for the cross- 
linking of insulating layers of electric power cables as • 
described above present some problems, both from a tech- 
nical and an environmental point of view. When they de- 
compose, gaseous decomposition products are formed and 
these products cause formation of microvoids in the cable 
insulation, voids from which water trees may later arise 
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during ageing of the cables. Furthermore the decomposi- 
tion products may have obnoxious smell and may even cause 
allergies in sensitive persons. 

In view of the disadvantages of the peroxide cross- 
linking agents it would be a technical progress if cross- 
linking could be achieved by way of other means without 
the disadvantages of the peroxide crosslinking agents. 

--—I-t— i-s-^ a-3rso— known~to— erossl-ink— ethy-l-ene— pe-l-ymers— by 

way of crosslinkable groups such as hydrolysable silane 
groups in the polymer. The crosslinking of polymers with 
hydrolysable silane groups is carried out by so-called 
moisture curing. In a first step, the silane groups atre 
hydrolysed under the influence of water or steam, /^suit- 
ing in the splitting-of f of alcohol and the formation of 
15 silanol groups. In a second step, the silanol/g roups are 
crosslinked by a condensation reaction splitting off 
water. In both steps, a so-called silano^ condensation 
catalyst is used as a catalyst. 

Silanol condensation catalysts/include carboxylates 
20 of metals, such as tin, zinc, iron, lead and cobalt; 
organic bases; inorganic acids/^and organic acids. In 
practice dibutyl tin dilaurate (DBTL) is generally used 
as the silanol condensation^catalyst . 

However, silanol condensation catalysts such as DBTL 
25 give poor performance/at normal ambient temperatures and 
relative humidities^ To function satisfactorily they 
require a sauna/or water bath at an elevated temperature 
in the order of/ 70-100°C. Although the crosslinking is 
speeded up by/ increasing the temperature, it may take 
3 0 6-24 hoursto carry out the crosslinking for a thin LV 

cable and/from 1 to 7 days for an MV cable, depending on 
thickness and curing temperature. Moreover, DBTL is a 
tin-organic catalyst which is negative from an environ- 
mental point of view. A particular problem is encountered 
35 in/connection with crosslinking of insulating layers of 
medium voltage and high voltage power cables because of 
/the difficulty for the water to reach and completely 
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crosslink the layer. This is due to the fact that the / 
\J insulating layer is covered by the outer semi-conductor 

(jS^ layer and that the insulating layer has a substantial 

thickness. Generally, the insulating layer of a medium 
5 voltage power cable is at least about 2 mm thick, 
typically at least 2.3 mm thick and the thickness 
increases with the voltage of the cable. Thus, the 
insulating layer of a 10 kV cable typically has a thick- 
ness of about 3.6 mm and in a 20 kV cable this layer 
10 typically has a thickness of aboutx 5 . 5^m m . The more 

layers that cover the insulating layer and the greater 
its thickness the more difficult it will be and the 
longer it will take for the water to reach and crosslink 
4? the insulating layer. Indeed, polymers containing hydro- 

m 15 lysable silane groups /nave hitherto not been considered 

J*! feasible as insulating layers for power cables of volt- 

ages over 20 kV, i:.e. having an insulating layer thick- 
ly ness of more than about 5 mm, due to the excessive time 
J" needed for crossl inking . 

O 20 From bne above it is evident that the crosslinking 

^ of electric power cables using hydrolysable silane group 

SI containing polymers for the insulating layer is also 

!rf associated with several disadvantages . and that it would 

mean an important technical progress if crosslinking 

2 5 ^Gou^bd— be— achi eve d withou t — the se disadvantages -: 

Summary of the invention 

It is an object of the present invention to provide 
a moisture curable insulating layer composition for a 
medium to high voltage power cable that alleviates or 
30 eliminates the above mentioned problems of the prior art. 
It is another object of the present invention to 
provide a medium to high voltage power cable comprising a 
crosslinked insulating layer of the above mentioned 
insulating layer composition. 
35 It is still another object of the present invention 

to provide a process for preparing such a medium to high 
voltage power cable. 
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— -Aeee xdiuy Lo-ene - aspect of - the present invention it -— 
has been found that it is possible to use a cr^g^rirrlRable 
hydrolysable silane group containinopoiytner as a base 
resin for the insulating^iayer*^f a medium to high volt- 
5 age power cabl^i^Ehe prior art silanol condensation 
catal^3^7*auch as DBTL is replaced by a particular 

- GuTphonic acid catalyst - 

According to another aspect of the present invention 
it has been found that the crosslinking of the insulating 
10 layer may be further enhanced, particularly in connection 
with thick insulating layers, if when using said sulpho- 
nic acid as a silanol condensation catalyst the insulat- 
ing layer composition is made more hydrophilic and/or 
more amorphous . 

15 Accu xd iug — tre—s^444— anotbe^-as pect of the present — 

invention it has been found that the medium to high 
voltage power cable may be prepared by carrying out the 
crosslinking of the cable at superatmospheric pressure/in 
the presence of steam, preferably in a vulcanising^ube 

20 usually used for the crosslinking of peroxide crosslink - 
able power cables. y 

The present invention thus provides a/composition 
for an insulating layer of a medium to high voltage power 
cable, characterised in that the comp<5sition comprises a 

25 crosslinkable polymer with hydrolysable silane groups, 
and a silanol condensation catalyst of formula I 

ArS0 3 H UL) 

3 0 or a precursor thereof, Ar being a benzene ring substi- 
tuted with at least one hydrocarbyl radical such that the 
total number srft carbon atoms of the hydrocarbyl radi- 
cal^) is 8^20, or a naphthalene ring substituted with at 
least one hydrocarbyl radical such that the total number 

35 of carbon atoms of the hydrocarbyl radical (s) is 4-18, 
and/the catalyst of formula I containing 14-28 carbon 
atoms in total . 
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The present invention further provides a medium to 
high voltage power cable comprising a conductor a^f^ound- 
ed in order by an inner semi -conducting layer/an 
insulating layer, and an outer semi-conduetfing layer, 
5 characterised in that the insulating Jr^yer has a thick- 
ness of more than 2 mm and comprises the crossl inked 
product of a composition as defined above. 

Still further, the pj^sent invention provides a 
process of preparing a^medium to high voltage power 
10 cable as defined above, characterised in that the cable 
is crosslinke^in the presence of steam at a super- 
atmospheri^pressure . 

Father characterising features and advantages of 
the^Sresent invention will appear from the following 

15 d f^s - ription and the appended ■■ el a i mi> , 

Detailed description of the invention ^ 
A silanol condensation catalyst of the above defined 
type is disclosed in WO 95/17463 for the cross>arfiking of 
polymers with hydrolysable silane groups iirgeneral . How- 

2 0 ever, it does not disclose the specifjrduse of such a 

catalyst for the crosslinking oj^insulating layers of 
medium to high voltage pow^r^cables or that it may sur- 
prisingly overcome the^particular problems associated 
with the crosslinking of such insulating layers. Further, 
25 as will be explained and illustrated in more detail 

below, tir£s catalyst quite surprisingly gives improved 
water treeing characteristics to the insulating layer of 

^mpfiinm to high voltage power rahlfi. , 

According to a particularly preferred aspect of the 

3 0 invention the composition of the insulating material is 

changed in a way that facilitates the migration of water 
into it. This may be achieved by incorporating comonomers 
containing hydrophilic functions into the matrix resin, 
by blending in water absorbing components, e.g. via a 
35 master batch, into the composition or by decreasing the 
crystallinity of the matrix resin. The last alternative 
will leave a more amorphous structure with more room for 



WO 00/36612 PCT/SE99/02057 



10 



15 



20 




30 



35 



small molecules lika water to migrate into it. Of course, 
if polar comonomers are introduced into the matrix resin 
they will also decrease the crystallinity and thus have a 
double effect. The crystalline part of the polymer matrix 
thus should be at the most about 60% by weight. 

As examples of preferred hydrophilic functions or 
groups that may be introduced into the polymer (matrix 
resin) the following may be mentioned: siloxane, amide, 
anhydride, carboxylic, carbonyl, hydroxyl , and ester 
groups . 

With regard to the silanol condensation catalyst of 
formula I it is preferred that the hydrocarbyl radical in 
formula I is an alkyl substituent with 10-18 carbon 
atoms. More preferably the alkyl substituent has 12 
carbon atoms and is selected from dodecyl and tetra- 
propyl . 

It is further preferred that the polymer composition 
includes 0.0001-3% by weight of silanol condensation 
catalyst . 

* — ^s-^ndiea-ted^abo^e-7—-t-he— present — i-n-vent-ion— pro vide s-^a- 



composition that preferably is hydrophilic and/or amo^pfr^ 
ous and that comprises a polymer with hydro ly§,abl^si lane 
groups and a silanol condensation catjaj^s^Thaving the 
formula I. In particular, thegom£osition is contemplated 
for use as an insulatijig^3rayer of a medium to high volt- 
age power cable^Otrfier applications for the composition 
may, however; also be contemplated such as pipes, parti - 
cula^iy water pipes and gas pipes, and products made by 
ij_eo^riro ii or ro l dLion al- moul-ehbngr 



With regard to the medium to high voltage power 
cable according to the present invention it is preferred 
that the insulating layer has a thickness of more than 4 
mm, more preferably more than 5 mm. This corresponds 
approximately to a 10 kV cable and a 20 kV cable, respec- 
tively. 

< As— me ntion e d abov e-, — t he proce ss-^ao cording to t he 

-prese nt inv e ntion f u r pre p ar ing a medium — to high voltag e 
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power cable comprising the composition of the invention 
as the insulating layer of the cable, is characterised im 
that the crosslinking is carried out in the presence oj. 
steam at a superatmospheric pressure. This is in contrast 
5 to conventional crosslinking of hydrolysable silane /group 
containing polymers which is carried out at atmospheric 
pressure in the presence of moisture, i.e. steam/or 
water. Preferably the crosslinking of the present inven- 
tion is carried out in the presence of saturated steam at 

10 the pressure in question. The pressure preferably lies in 
the range from about 0.2 MPa to about 2.5 mPa, more 
preferably from about 0.2 MPa to about lA MPa, and most 
preferably from about 0.8 MPa to about 2 MPa. A 
pressure of 0.8 MPa corresponds to saturated steam of a 

15 temperature of about 170°C and 1.2 MPa corresponds to 
saturated steam of a temperature of/ about 19 0°C. 

It is preferred, especially vfhere the hydrophilicity 
is low and the crystallinity is /Relatively high, like 
when an ethylene/vinyl trimethofxysilane copolymer is used 

20 as the base resin, that the c/osslinking is that the 

crosslinking is carried out /in a vulcanising tube, such 
as a CV tube as described ^bove normally used for the 
crosslinking of peroxide /crosslinkable power cables. 
In the following t^ie crosslinkable hydrolysable 

25 silane group containing polymer used as the base resin of 
the insulating layer composition according to the present 
invention will described. 

The crosslinkable base resin generally is an olefin 
copolymer or g^aft polymer which contains hydrolysable 

3 0 silane groups'and which is crosslinked under the 

influence of water and at least one silanol condensation 
catalyst ./Specif ically, the crosslinkable polymer is an 
ethylene/ copolymer or homopolymer containing crosslink- 
able sirlane groups introduced either by copolymerisation 

35 or graft polymerisation. 

/ Preferably, the silane-containing polymer has been 
obtained by copolymerisation of an olefin, suitably 



WO 00/36612 



PCT/SE99/02057 



ethylene, and an unsaturated silane compound represented 
by the formula 

RSiR' n Y 3 -n 



wherein 

R is an ethylenically>txnsaturated hydrocarbyl, hydro- 
carbyloxy or (metbfacryloxy hydrocarbyl group, 
R' is an aliphatic saturated hydrocarbyl group, 
Y which jRdy be same or different, is a hydrolysable 
org^nric group, and 

- is 0, — 1 or 2 ■ ■ 

If there is more than one Y group, these do not have 
to be identical. 

Special examples of the unsaturated silane compound 
are those wherein Ri is vinyl, allyl, isopropenyl, bute- 
nyl, cyclohexenyl or gamma- (met h) acryloxy propyl; Y is 
methoxy, ethoxy, formyloxy, acetoxy, propionyloxy or an 
alkyl- or arylamino group; and R 1 , if present, is a 
methyl, ethyl, propyl, decyl or phenyl group. 

k-p-i-of ej-±ed unsaturated silane compound it> i^ep^e 

sented by formula 



CH 2 =CH£ 



wherin^^A-i^a hydrocarbyl group having 1-8 carbon atoms, 

?of er ably- 1 4 carbon atoms -: . 

The most preferred compounds are vinyl trimethoxy- 
silane, vinyl triethoxysilane , gamma- (meth) acryloxypro- 
pyltrimethoxysilane and vinyl triacetoxysilane or com- 
binations of two or more thereof. 

-^^he--cop elymorioation --o f the olefin (ethylene) and 

the unsaturated silane compoundjna^/_J}e--^^ 

an Y su£t^bl£_coad^ in the copolymerisation 

-the two -monomers-. 

The silane-containing polymer according to the 
invention suitably contains 0.001-15% by weight of the 
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silane compound, preferably 0.01-5% by weight, most pre- 
ferably 0.1-3% by weight. 

/^fi — Moreover — the copolymers sat ion — (- or-graf t ing) — may be 

^ ffi^/^ implemented in the presence of one or more other comono- 

5 mers which can be copolymerised (or grafted) with the twc 
monomers. The copolymerisation (or grafting) with othe: 
comonomers besides the unsaturated silane comonomer ±jt 
applied in particular when it is desired to make th^ 
crosslinkable polymer composition hydrophilic and/or 
10 amorphous. In that case the comonomer (or termonomer) 

should include at least one hydrophilic group ,/ such as an 
acyl group, an hydroxyl group or an ester group. As non- 
limiting examples of hydrophilic comonomer/ may be 
mentioned the following: (a) vinyl carbo^ylate esters, 
15 such as vinyl acetate and vinyl pivalate, (b) (meth) - 
acrylates, such as methyl (meth) acrylate , ethyl (meth) - 
acrylate and butyl (meth) acrylate , (</) olefinically 
unsaturated carboxylic acids, suct/as (meth) acrylic acid, 
maleic acid and fumaric acid, (<d) (meth) acrylic acid 
20 derivatives, such as (meth) acrylonitrile and (meth) acry- 
lic amide, and (e) vinyl ethers, such as vinyl methyl 
ether and vinyl phenyl ether. Amongst these comonomers, 
vinyl esters of monocarbo^ylic acids having 1-4 carbon 
atoms, such as vinyl acetate, and (meth) acrylates of 
25 alcohols having 1-4 carbon atoms, such as methyl (meth) - 
acrylate, are preferred. Especially preferred comonomers 
are butyl acrylate/ ethyl acrylate and methyl acrylate. 
Two or more such yblef inically unsaturated compounds may 
be used in combination. The term 1 (meth) acrylic acid 1 is 
3 0 intended to ejtorace both acrylic acid and methacrylic 
acid. The hydrophilic comonomer contents of the hydro- 
philic copolymer may amount to as much 4 0% by weight of 
the copolymer but more normally amounts to between 3 and 
20% by/weight. The amount will to a great deal depend on 
35 the flexibility wanted in the resin, since the higher the 
comonomer content the more flexible and rubberlike will 
^e—t he cable insulation - ,. 
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If using a gtaft polymer, this may be produced e.g. 
by the methods described in US 3,646,155 and US 
4,117,195. 

Docauoc of th e -inc r eased hy drophi licity ' OL the 

5 composition according to the above aspect of the present 
invention care should be taken to keep the composition > 
out of contact with water before shaping the composition 
into a cable insulating layer in order to avoid und^sired 
premature crossl inking or scorching of the composition . 

10 Alternatively or in addition a so-called scorpn retarder 
may be added to the composition. Such scorch retarders 
are known per se and comprise compounds £hat react 
chemically with water such as e.g. hydfolysable silane 
compounds . / 

15 The silanol condensation catalyst defined above and 

used at the present invention i/S distinguished by being a 
benzene of naphthalene sulphpnic acid that is sufficient- 
ly lipophilic to be compatible with the polymer composi- 
tion to be crosslinked. To achieve such lipophilicity , 

20 the hydrocarbon group yof the alkylaryl sulphonic acid 

must have a certain/size and must, e.g. in the case where 
the acid is a benzene sulphonic acid, have an alkyl 
substituent containing at least 8 carbon atoms, an in the 
case where th£ acid is a naphthalene sulphonic acid the 

25 alkyl subst/ftuent must contain at least 4 carbon atoms. 
If the aLJcyl group does not have such a size that the 
lipophj/licity requirement is met, the catalyst is not 
comna^ible with the polymer composition but will be 
realeased therefrom upon crossl inking in aqueous solu- 

30 i£ief*r — thus impairing cro3sl inking efficiency. 

Due to commercial availability, it is preferred that 
the aryl group is a benzene ring, substituted with an 
alkyl substituent containing 12 carbon atoms. 

The currently most preferred compounds of formula I 

35 are dodecyl benzene sulphonic acid and tetrapropyl 
benzene sulphonic acid. 
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— Th e cilanol — condens a tion uaLaly s L- used at th e 
present invention may also be a precursor of a compound 
of formula I, i.e. a compound that is conrorfed by- 
hydrolysis to a compound of f ormulajE^Such a precursor 
is the acid anhydride of the sui^nonic acid compound of 
formula I. Another instag^re is a sulphonic acid of 
formula I that has^fegen provided with a hydrolysable 
protective <33?otap, e.g. an acetyl group, which can be 
remover r>y hydrolysis to give the sulphonic acid of 

10 -£6rmula--£-, 

The amount of silanol condensation catalyst present 
in the crosslinkable polymer composition generally is in 
the order of about 0.0001-3% by weight, preferably about 
0.001-2% by weight and most preferably about 0.005-1% by 
15 weight, as based on the amount of silanol -group contain- 
ing polymers in the composition. It will be appreciated 
that the effective amount of catalyst depends on the 
molecular weight of the catalyst. Thus, a smaller amount 
is required of a catalyst having a low molecular weight, 

2 0 than of a catalyst having a high molecular weight. 

The catalyst is preferably added to the crosslink- 
able polymer in the form of a master batch, i.e. mixed 
with a polymer, such as a homo- or copolymer of ethylene, 
e.g. LDPE or EBA containing 3-30% by weight of butyl 
25 acrylate. The master batch generally contains about 0.02- 
5% by weight, preferably about 0.05-2% by weight of the 
catalyst . 

The above defined specific sulphonic acid catalyst 
may be used alone in the crosslinkable polymer composi- 
30 tion or combined with other silanol condensation cata- 
lysts, such as other catalysts of formula I or conventio- 
nal silanol condensation catalysts, e.g. hydrolysis 
products of alkyl tin trichlorides; inorganic acids; and 
organic acids. 

3 5 — Ad indicate d— abeve^ — cne present invention aims at 




alleviating or eliminating_JLhe— p^ebiems—Q^T^ prior art 
insulating-^ayer compositions for medium to high voltage 
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power cables where mainly peroxide crossl inking has-been 
used earlier. While theoretically an alternati^^to 
peroxide crosslinking , crosslinking of hydj?dlysable 
silane group containing polymers with^2<5nvent ional 
5 silanol condensation catalysts ha^found little or no 
practical use. The reason for^ttiis is the disadvantages 
involved such as very lorjg^cros si inking times that reduce 
the productivity. M^over, it has not been considered 
economically f^ar^ible to crosslink silane containing 
10 insulating>^ayers in power cables of more than 2 0 kV due 
to tj^thickness of the insulating layer (5 mm or more) 
>afid thc-dif f iculty of moioture curing - such thick ldyHLt^ r~ 
Compared to the prior art insulating compositions 
the insulating composition according to the present 
15 invention represents an important progress due to the 
substantial advantages it presents. 

Thus, due to the absence of decomposable peroxide 
crosslinking agent the silane group containing polymer 
composition of the present invention may be extruded at 
2 0 higher melt temperatures, such as about 18 0-2 0 0°C, than 

conventional peroxide crosslinkable compositions. Without 
scorching these higher melt temperatures result in a 
higher output and a higher line speed. 

Furth er-; — due to the absence — of peroxide crosslinking 

2 5 agent no environmental pollutants from peroxide decompo- 

sition are generated. The particular silanol^coarfensation 
catalyst used according to the pr^sefrtr^Xnvention is no 
environmental polLut^ntr; — ft^is not dissolved from the 
polymer cpinpoSition in water baths; and it does not dis- 

3 0 ^^ejrtggr che po lymer compooit ion — -— 

Compared to peroxide crosslinked insulating polymer 
compositions which require separate processing steps for 
the compounding of additives and soaking of the peroxide 
crosslinking agent, the present invention requires none 
35 of these steps and therefore results in a more simple 
overall process with fewer processing steps. 
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Thanks to fewer processing steps there is less risk 
of contaminating the composition which means a cleaner 
handling of the composition which is increasingly- 
important the higher the intended voltage is of the 
5 cable. 

- ^tr is po~srsdrb3re— tcu use ex i sting vulcani s ing tubes for 
the crosslinking of the insulating composition. The only^, 
modification that may be required is to provide the 
vulcanising tube with an inlet for steam. The possibility 

10 of using existing vulcanising tubes is an ijnj5ortant 

advantage of the invention and makes itxfSossible for a 
cable manufacturer to change the production from peroxide 
crosslinked cables to moisture cdxed silane group con- 
taining cables with no or oniy a minor investment. 

15 The crosslinking terpq^erature is lower at the present 

invention than at peroxide crosslinking. Thus, while the 
temperature in a vaflcanising tube is about 4 00°C at per- 
oxide crosslin£xmg, as mentioned above, the temperature 
in a vulcanising tube used for crosslinking of the silane 

2 0 group cop^aining polymer composition of the present 

invention is preferably only about 170-190°C. This lov^er 
crosslinking temperature means that less energy is 
- consumed for the crooclinking at the procont ^ijr^e ntion . 
Compared to peroxide crosslinking the cost of the 
25 crosslinking operation is about the same or may even be 
lower at the present invention. 

C o mpared l u nussliirking using conventional prior 
art silanol condensation^ — s^h^a^^BTLas well 
as compared^to-ero'Ssl inking with peroxides, the present 

3 0 ^ nvcntTion provides - a mu c h highei ciusbliuking sp ee d : 

Further, it is possible to carry out the crosslinkr 1 ^* 
ing at a much lower temperature, such a^_j?ecffiflfempera- 
ture, than with conventional ^^iir^nol condensation cata- 
lysts (DBTL) . ^^^^^ 
35 A part icu]^Tadvant age is that it is possible to use 

hydrolys^teie silane containing polymers for the insulat- 
ing^Tayer of medium to high voltage powet cables of more 
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-cixgrr-2-Q kV, i.e. power cables wiLh an i^ r^trfrafe -ing l ayer — 
that — io mor e- than 5 mm thick, — 

A further important advantage is that the water 
treeing characteristics of the insulating layer are very 
5 good and much better than e.g. for peroxide crosslinked 
insulating layers. This is quite surprising because the 
specific sulphonic acid catalyst of formula I used in the 
present invention is an ionic compound and ionic com- 
pounds are known to adversely affect the water treeing 
1C characteristics. So far it has not been able to explain 
che reason for the excellent water treeing characteris- 
tics obtained with the present invention. 

Having thus explained the present invention and its 
advantages it will now be illustrated by way of some non- 
15 limiting examples. All parts and percentages in the 
examples refer to weight, unless otherwise stated. 
Example 1 

This example illustrates the excellent water-tree 
retarding (WTR) characteristics obtained with the 
2C insulating composition of the present invention. 

A compooition - accuidiiig Lo the proacnt invention wao 

made into a cable insulation and its dielectric streiig^feif^ 
evaluated according to the so-called Model Cabl^Test 
developed by Alcatel AG & Co, Hannover , Gjs^rtnany, and 

2 5 described in an article by Land H J^^Schadlich Hans, 

"Model Cable Test for Evalua^t^r^the Ageing behaviour 
under Water Influence o^-Compounds for Medium Voltage 
Cables " , Conferencp^roceedings of Jicable 91, 24-2 8 June 
1991, Versail>=f; France. As a value of the dielectric 
3C strengthens stated 63% of E max from Weibull diagram in 

kWjjKrf; The dielectric strength was measured after ageing 

for 1000 hro at 9 kV/mm in 0D P C/70°C water. — 

The insulating composition of the present invention 
consisted of an ethylene copolymer base resin containing 

3 5 2% by weight of vinyl trimethoxy silane with an MFR 2 of 1 

g/10 min and a density of 0.923 g/cm 3 . The composition 
'•/as compounded with a master batch consisting of 88.7% by 
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weight of ethylene/butyl acrylate copolymer (17% by 
weight of butyl acrylate; MFR 2 = 8 g/10 min) , 5% by 
weight of stabilizers and 1% of lubricant, 4% by weight 
of SI-116 (HDTMS; hexadecyl trimethoxysilane) , 0.3% by 
5 weight of Uf acid K (DBSA; dodecylbenzene sulphonic acid) , 
and 1% by weight of isododecane. 

After crossl inking of the model cable according to 
the invention (referred to as Cable 1 below) in a water 
bath at 70°C for 72 hrs . Cable 1 was tested according to 
10 the Model Cable Test indicated above. 

According to this test the insulating composition of 
Cable 1 had a breakdown strength of E max = 79.6 kV/mm at T 
= 0 and E max = 75.7 kV/mm at T = 1000 hrs. 

The corresponding values for a reference model cable. 
15 (referred to as Reference Cable 1 below) where the 

insulating composition consisted of a standard LDPE with 
MFR 2 = 1.9 g/10 min and a density = 0.9225 g/cm 3 and 
crosslinked with 2% by weight of peroxide crosslinking 
agent was E max > 89 kV/mm at T = 0 and E max = 34.3 kV/mm at 
20 T = 1000 hrs. 
Example 2 

Example 1 was repeated with the exception that the 
master batch of the insulating composition according to 
the invention contained 0.7% by weight of the Ufacid K 

25 (DBSA) and 88.3% by weight of the ethylene butylacrylate 
copolymer. The model cable made with this composition as 
the insulating layer is referred to as Cable 2. 

The results of the model cable test were E max > 81.7 
kV/mm at T = 0 and E^ =54.4 kV/mm at T 1000 hrs. 

3 0 The Cable 2 according to the invention and the 

Reference cable 1 of Example 1 were evaluated for water 
treeing. The results are given in Table 1. 
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TABLE 1 



Bow-tie 
trees 
No . /mm 3 



Cable 2 21 
Ref. cable 1 460 



Bow-tie 
trees 
Longest 
(Jim) 
110 
511 



Vented 
trees 
No . /mm 3 

0 . 04 
0.34 



Vented 
trees 
Longest 
(jam) 
90 

1070 



Sty: 



10 



15 



20 



25 



30 



It is evident from both Example 1 and Example 2 that 
the insulating composition according to the present 
invention gives superior WTR performance as an insulating 
layer of a medium to high voltage power cable compared 
to a standard peroxide crosslinked cable. 
Example 3 

b order to show th e improved cro s sl inking rate _of_ 

the insulating composition of the pr^s^at-^ivention 
compared to an insula^bijig^rt5TTposition using a conven- 
tional sij^n^lr^condensation catalyst (DBTL) the following 



*Gt wac made 



Cables were made having a 1.5 mm 2 conductor sur- 
rounded by a 0.7 mm thick insulating layer. 

The insulating layer of the cable according to the 
present invention (referred to as Cable 3) consisted of 
the same base resin as the insulating layer of Cable 1 in 
Example 1 compounded with 5% by weight of a master batch 
consisting of 87.3% by weight of ethylene butyl acrylate 
copolymer (17% by weight of butyl acrylate; MFR 2 = 8 g/10 
min) , 5% by weight of stabilizers and 1% of lubricant, 4% 
by weight of SI-116 (HDTMS) , 1.7% by weight of Ufacid K, 
and 1% by weight of isododecane. 

The— insulating layer of tho reference cable - 

(ref erred to as Reference cable 3) consisted ofj^'same 
base resin, but compounded witl^_5^-^y^weTght of a master 
batch consisting of^T-rS^by weight of ethylene butyl 
acrylatecppoTymer (27% by weight of butyl acrylate) , 34% 
by^efght of LDPE, 4.5% by weight of stabilisers, 1% by 
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- wei g ht of zinc stearate, — and 3% by w^ iy i ii — fv f nP TL . The 

The crossl inking rate was determined according to 
IEC-811-2-1-9 (hot set method) by measuring the thermal 
5 deformation at 200°C and a load of 2 0 N/cm 2 after various 
times of crosslinking at 23°C and 50% R.H. The percentage 
hot set elongation for Cable 3 with the insulating com- 
position according to the invention was about 45, 38, and 
28% after 2, 3, and 4 days of crosslinking, respectively. 

10 The percentage hot set elongation for Reference cable 3 
was about 14 8, 102, 7 7 and 52% after 2, 3, 4, and 7 days 
of crosslinking, respectively. Although the cables tested 
in this example are not medium to high voltage power 
cables, it is nevertheless evident that the insulating 

15 composition used at the present invention crosslinks 

about four times faster than a conventional insulating 

composition. 

Example 4 



25 insulating layer with the same composition as that of 
Cable 3 in Example 3 . 

- — The reference cabl -e — deferred Lo ec s- Refer e nce C a b le- 
4) had an insulating layer with the same base resin^as^ 



20 




tvertfe-jbeaa-l DRTT. silanol condencation catalyst. 

The cable according to the present invention had an 



30 




robb er batch had an MFR-j - 5 g/l - 0 min. — ■ 

The insulating layers of Cable 4 and Reference cable 
4 were each 9 mm thick (3 0 kV cables) . 
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Cable 4 and Reference cable 4 were crossl inked in a 
90°C water bath for different, predetermined time 
periods. After each time period a 1.2 mm thick sample was 
taken 2.7 mm from the outer surface of the cable and the 
crosslinking was evaluated by the hot set method accord- 
ing to IEC-811-2-1-9 mentioned above. 

Cable 4 according to the present invention had a hot 
set elongation of 85, 75, and 45% after 3.5, 4, and 4.5 
hrs of crosslinking respectively, while Reference cable 4 
had a hot set elongation of 205, 155, 130, 115, 105, 70, 
and 65% after 4, 4.5, 5, 5.5, 6, 7, and 8 hrs of cross- 
1 inking , respectively . 

- It i - s evident that croaal inking of medium to high 

voltage power cable insulating layers accordinqJ^tRe*" 
present invention is very quick and ef£eotfive compared to 
the crosslinking of a similar^^-^ulating layer with a 
conventional DBTL catAlyfifTand that the medium to high 
voltage powei^-e^Sle insulating composition presents a 
f easi^leTalternative to conventional peroxide crosslinked 
_ >rr5ulating layers of medium to high voltage power cablco 
Example 5 

Another evaluation of the crosslinking rate of the 
insulating layer composition according to the present 
invention was made in this example. 

Two power cables with different insulating layers 
according to the present invention were made. The first 
cable (referred to as Cable 5a) had an insulating layer 
of the same composition as Cable 3 in Example 3. The 
second cable (referred to as Cable 5b) had a hydrophilic 
base resin consisting of a terpolymer of ethylene, 17% by 
weight of butyl acrylate, and 2% by weight of VTMS (vinyl 
trimethoxysilane) compounded with 5% by weight of the 
same master batch as Cable 5a. 

The reference cable (referred to as Reference cable 
5) had an insulating layer including the same base resin 
as Cable 5b compounded with the same master batch as that 
of Reference cable 3 of Example 3 . 
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The insulating layers of Cables 5a, 5b, and 
Reference cable 5 each had a thickness of 5.5 mm (20 kV 
cables) . 

Cables 5a, 5b and Reference cable 5 were crosslinked 
5 in a 90°C water bath during different, predetermined time 
periods. After each time period a 1.2 mm thick sample was 
taken 2 . 9 mm from the outer surface of the cable and the 
crossl inking was evaluated by the hot set method accord- 
ing to IEC-811-2 -1-9 mentioned above. 

10 Cable 5a according to the present invention failed 

the hot set test after 8 hrs of crosslinking, and had a 
hot set elongation of 45 and 35% after 12 and 17 hrs 
crosslinking respectively. Cable 5b according to the 
present invention failed the hot set test after 2 hrs of 

15 crosslinking and had a hot set elongation of 20, 15, 15 
and 15% after 4, 8, 12, and 17 hrs crosslinking respec- 
tively. Reference cable 5 failed the hot set test after 
17 hrs of crosslinking. 

I Again, this example illustrates the feasibility of 

2 0 the composition of the present invention as an excellent 

insulating layer for a medium to high voltage power cable 
and as a replacement for conventional insulating layers 
of such cables. It also illustrates the increased cross- 
linking rate obtained when the composition of the 
25 insulating layer is made hydrophilic. 
Example 6 

In -Qg d€£-±o show the poaa j hi 1 i fy of rrn.Qgl i n V i . t<jj^ - 

power cable, according to the present inv^iit-i^rr"w^^ 
use of vulcanising tube and^JJae^ijr^t^ved crosslinking 

3 0 rate of the i^syJL^rbxfig^composit ion of the present inven- 

tion^ompared to a conventional silanol condensation 

-<s£atte£±Y&t p^fiTT.) the* fol lowing urc*ir<=> mnH^ . 

Three cables were made having a 50 mm 2 (8.05 mm 
diameter) aluminium conductor surrounded by a 0.5 mm 
35 thick semiconducting layer and then a 6.4 mm thick 
insulating layer. The cables did not have any outer 
semiconducting layer. 
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^J^ 7 ^ cables was varied. The first cable which was a cable 

^ according to the present invention (referred to as C^ble 

6a) had a composition corresponding to that of CaJDle 3 of 
5 Example 3 above (a silane group containing ethylene 
copolymer) . The second cable which was also/a cable 
according to the present invention (referred to as Cable 
6b) had an insulating layer composition corresponding to 
that of Cable 5b of Example 5 above/fa hydrophilic silane 
10 group containing ethylene/butyl arerylate terpolymer) . The 
third cable which was not according to the present inven- 
tion (referred to as Reference cable 6) had a composition 
corresponding to that of yRef erence cable 3 of Example 3 
above (DBTL as catalysji 
15 After extrusion/of the cables they were crosslinked 

in a 20 m long laboratory vulcanising tube with saturated 
steam at a pressure of 1.0 MPa gauge. The vulcanising 
tube had four/neating zones with the temperatures set at 
179, 178, 3/78 and 135°C for Cable 6a; 177, 179, 181, and 
20 183°C for Cable 6b; and 181, 179, 181 and 184°C for 

Reference cable 6. After the heating zones followed a 
copiing zone with cooling water. The line speed was 2 

i/min f - or al -J — thtpee cables. — ■ ■ 

The crossl inking was evaluated by measuring the Hot 
25 Set at 200°C and a force of 20 N/cm 2 of a cut of thickness 
1.2 mm taken at a distance of between 2.9 and 4 . 1 mm from 
the outer surface. The obtained values appear from Table 
2 : 

3 0 TABLE 2 

Elongation in Directly after CV After After After 

% tube 1 day 4 days 6 days 

Cable 6a 60 45 

Cable 6b 50 30 

Re f. cable 6 broke broke 10 0 70 
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^HFfrte: lilLodMli nk i m | 1 i mu.1 =>H ^ of ,g^t- f or ' 

6a, 6b and Reference cable 6 according to IEC-811-2-1-9/^ 
(hot set method) by measuring the thermal def ormatiprtat 
200°C and a load of 20 N/cm 2 after various times^df 
crosslinking at 23°C and 50% RH. Samples of ^ mm 
thickness were taken at a distance of be^iveen 2.9 and 
4.1 mm from the outer surface of the^fnsulating layer of 
the cables. The obtained values aj5pear from Table 2. The 
percentage hot set elongatiorK^or Cable 6a was 60% and 
45% after 0 days (directly^af ter the exit from the 
vulcanising tube) and^ciay, respectively. The percentage 
hot set elongatioiyfor Cable 6b was 5 0%/0 days and 30%/l 
day. The percenj^ge hot set elongation for Reference 
cable 6 was:X (breakage) /0 days; - (breakage) /l day; 
100%/4 day^; and 70%/6 days. The superiority of Cable 6a 
and, ijr particular Cable 6b of the invention over 
Reference cable 6 with a conventional DBTL catalyst is 
tgdr early - evident : ~ 



